Interactions create webs of interconnected activities, and may give rise to emergent phenomenon. The word interaction in educational settings refers to person-to-person communication, and thus exists in in-class discussions, in-class debates, and so forth. Educational settings that emerge from such collaborations give rise to a network of interactions among the stakeholders involved. This paper briefs an exploration on the concepts of social network analysis and their ability to shed light on the impacts of incorporating social network platforms in educational settings. In this paper we try to analyze the information flow based on undergraduate and graduate student online interaction patterns. An online Facebook group was created as a part of this study to initiate a computer mediated communication platform for the geographically separated students to connect and engage in classroom based meaningful discussions. We use Netvizz, a data extraction tool to collect data from student groups in Facebook social networking platform. The networks constructed using the data gathered at five random time steps are analyzed using individual node degrees both qualitatively and quantitatively for understanding the interaction patterns observed.
Introduction
The word interaction is defined to be a phenomenon where two or more objects have an effect upon each other. Several such interactions when merged together give rise to a set of interconnected and interdependent activities. Interactions in educational settings can be referred to the stakeholders of the whole academic enterprise connected with each other towards a goal of continual learning and innovation. In-Class student interactions, Teacher-Student interactions, Inclass subject based discussions and several similar scenarios that come to play in educational settings can be referred to a phenomenon having effect upon each other in academic settings.
The concept, Interaction hypothesis, proposed by Second Language Acquisition expert (SLA) Michael Long 1 elaborates of a way in which ESOL (English for speakers of other languages) students can learn a target language by conversation. This implies that interactions help towards developing language proficiency in ESOL students. Similarly, in educational settings, active academic collaboration among professors, peers and students is gaining more importance and attention 2 . Collection of such several such collaborations emerge to form a network among the stakeholders involved. Organizing and identifying these interactions will help towards strategically well-developed classroom settings. Flipped classroom falls under the umbrella of extending the learning boundaries based on interactive students centered techniques. Many educational institutions are currently embracing the technique of flipped classrooms. According to Lage et al, inverted (flipped) classroom can be defined as a setting where the events that usually take place inside a classroom in a traditional setting, now take place outside the classroom. An example the authors use here to describe inverted classroom is the use of World Wide Web and multimedia communications as an opportunity for students to view lectures The authors of this paper are currently working towards exploring effective pedagogical methods that promote student learning and student interactions. As a part of this effort, to understand social networks based student interactions for educational settings, an online secure Facebook group was developed to encourage students from The University of Texas at El Paso (UTEP) and Drexel University (DU) to interact and collaborate on the topics of Green Energy and Green Manufacturing. The interaction patterns of undergraduate and graduate students enrolled in Green Energy and Manufacturing classes at UTEP and DU are extracted and studied by the authors using network analysis tools and the concepts from information theory to analyze the flow of information among students using social network tools geared towards learning for education settings.
Social Network Platform & Data Gathering
Social Networks emerge from a patterned arrangement of interactions based on the actions by individuals in a society. From a hierarchical perspective, it portrays a network of ties among a set of individuals at a lower level and at a higher level it represents ties and patterns of emergence in a social structures. Two broader divisions of social networks fall into 'ego centric" and "socio centric" networks where; ego centric networks portray an individual actor and the effect of the network on that individual whereas, social centric network portray a set of individuals and their patterns of interactions 5 . Facebook is a freely available one of the most used social networking tool among students. Taking into consideration its user friendly interface to connect and share information among a set of actors, this social networking platform was used to understand information flow in education centric student interaction patterns.
A private Facebook group for the students of Engineering Technology Dept. from DU and the students of Industrial, Manufacturing and Systems Engineering Dept. at UTEP enrolled for Green Energy manufacturing class was created. Undergraduate and Graduate students with a background in Industrial Engineering, Manufacturing Engineering, Systems Engineering and Engineering Technology from both universities were given access to this group. Creation of this group was aimed at providing collaborative interactive sessions among the enrolled geographically separated students to participate in class related discussions, sharing freely available resources, and proving individual student insights in the topics and trends related to Green Energy & Green Manufacturing. Students with access to the Facebook group were encouraged to post their insights on emerging green energy technologies and share their in-class and project based experience. The class instructor acting as group moderator posted discussion boards weekly based on student curriculum progress, which enabled students to discuss on their individual insights weekly based on the posts. The class instructor's act as effective moderators in educational setting based social network groups. This is because we believe that the instructor has a better insight on the weekly progress of students and their understanding of the subject based on which appropriate discussion boards can be initiated. Discussion on student class projects were also encouraged and observed in this group 11 . Interactions of the enrolled students in the Facebook group over the semester emerged into a student centric academic interaction network.
This network consists of a set of actors (23 students in total who joined the group created), in this case enrolled students from both universities linked/connected by a relationship observed. It is important to note that all the course enrolled students at both universities were encouraged to join the group however; it was observed that only 23 participated out of 35 students.
As a first step towards analyzing student interactions, some of the topics discussed upon in the group were 11 In order to map a network at the conclusion of the semester based on the discussions, posts, and comments observed in the group by both the students and moderators, Netvizz® a data extraction tool was used to extract data from Facebook group. This data was then imported into Gephi® software, an interactive network visualization platform. Figure 1 illustrates the raw network extracted from the Facebook group. To better visualize, understand and see interactions in the network, social network analysis tools available in Gephi were used which resulted in the network illustrated in figure 2. The nodes illustrated in the figure represent the actors (students) of the network and the edges i.e. the connections between the students (nodes) represent that a given node commented, liked or shared the post made by the node at its corresponding edge (connection). The thickness of the edges represent the number of interactions among the nodes, the thicker the edge more often the nodes interacted with each other. From figure 2 , it can be seen that there are outliers in the network i.e. not all students registered in the Facebook group were actively participating in the discussions. To further understand the student interaction behavior, the outliers observed in figure 2 are omitted from the analysis thereby resulting in the network illustrated in figure 3 . Figure 3 . Illustration of student group interactions after omitting the outliers
Information Theory
This study aimed to understand the information flow patterns in the network; concepts from information theory were used to quantify the information flow among the nodes. Information can broadly be defined as a set of data that is either organized for a specific purpose, or presented within a specific context, giving it meaning and relevance 6 . In the context of this paper, information can be defined as knowledge transferred among the participants of the created Facebook group. This transfer of knowledge can be looked at as student gaining new knowledge based on the student he/she interacts with, leading to an increased understanding of the content of a course.
Information theory is a branch of mathematics based on the theory of probability and statistics. It is applied in various fields where probability and statistics play an important role. It is a system of measurement used for quantifying information conveyed by the occurrence of an event 9, 10 . This event can be either a response or a stimulus that is a function of a number of possible events and their probabilities 9, 10 . The concept Entropy, anchored to information theory is used in this paper towards trying to quantify the flow of information among the nodes of the network. Entropy based on information theory is defined as "A measure of uncertainty associated with a random variable" 6 . The concept of information entropy was first introduced by Claude E. Shannon in his paper "A Mathematical Theory of Communication' in 1948.
Entropy thus represents a measure of information defined by ( ) = − ∑ ( ) =1 log ( ) 7, 8 .
This measure enables in the reduction of uncertainty of a measurement of a random variable with a probability p ( ). To further extend Shannon entropy, towards measuring 2 random variables X and Y at different scales, a measure of mutual information is used. However, based on the fact that the measure of mutual information being symmetrical i.e. I(X, Y) = I(Y, X) which implies that the future state of a random variable has a causal effect on the past state. Thereby, in order to address this symmetrical limitation we use the concept of transfer entropy 7 . The concept of Transfer Entropy (TE) was given by Schreiber to address the time symmetric limitation of mutual information measure. For a considered two sample spaces of information, transfer entropy is defined as the additional amount of information gained based on the next observation of one of the two systems being considered. TE, the transfer of information between two random variables X and Y is given by 7, 8 :
Also, the transfer entropy from Y to X can be inferred similarly based on the equation portrayed.
Transfer Entropy applied to Student Network
To analyze the flow of information generated from one node to the other of a considered network based on the observed individual node degree evolution over several time steps of network formation, the concept of transfer entropy (TE) is used. TE when applied to the current scenario helps to understand how much of information generated at one node (student) is responsible for the information obtained by the other node (student). To generate TE values based on individual node degree evolution, data on the number of nodes present along with the individual node degrees over 5 different time steps were captured based only on the student interactions in Facebook group discussions over the semester. Figures 4-8 illustrates the evolution of interactions in the student Facebook group over five different snapshots. It also illustrates on how students start interacting with each other over the semester. To protect student identity, the nodes are marked with numbers. To read the captured data that is illustrated in table 1 based on the 5 different network snapshots captured and illustrated in figures 4-8, the degree evolution of node 1 over 5 different time steps is represented by the second row of the table, degree evolution of node 2 is represented by the second row of the table and so on. T2  T3  T4  T5  N1  3  3  3  3 
For calculating the TE values represented in table 2, based on TE equation, joint probabilities are calculated for emerging node degrees observed in table 1. 
Discussion
There are several existing network analysis methods such as finding: Centrality measures to understand the importance of each actor (node) and their influence on the network; Bridges to identify actors (nodes) that act as ties in a network, Degree of Separation to identify the number of ties to connect two actors; Homophily to understand how actors (nodes) tie to similar and dissimilar nodes and so on. All the said measures quantify the structural aspects of a network at a given snapshot. Using the concept of transfer entropy, here we try to understand the dynamicity of the network by considering network evolution over a given time period. Analyzing the graph illustrated in figure 9 , based on table 2; TE values suggest the flow of information from a given node to the other. In the graph (Figure 9 ), the X axis represents the node numbers and Y axis represents the corresponding TE values. It is read as: for the red line, label 1 is the TE value from Node 1 to Node 2; label 2 is the TE value from Node 2 to Node 3 and so on. For the blue line, label 1 is the TE value from Node 2 to Node 1, label 2 is the TE value from Node 3 to Node 2 and so on. T
.E(D-S)
At early stages of the graph, the red line when observed, the value of TE from node 1to node 2 is zero and TE from node 2 to node 3 is zero. This simply suggests the initial network structural formation where, at the first time step, node2 is connected to node1 and at the second time step two sub networks are observed with a disconnect between nodes 1,2 and nodes 3,4. Holistically when the whole network is observed, the graph indicates that while the network starts to evolve, the flow of information from one node to the other increases and then decreases to stabilize. This may imply that the students are active initially by posting and sharing information in the group. Once the information is reached to all the group members, the transfer of information among the students slowly decreases. Towards gaining more insight on the flow of information at a lower level from each and every node of the network to the other, transfer entropy values were calculated from each node across the whole network. The results obtained signify that, even if there is more than one interaction between two given nodes it doesn't necessarily represent high information flow between them.
Conclusion
Aimed at understanding the effectiveness in the use of social networks among students for educational settings, this study illustrates an approach on the use of the concepts from information theory towards quantifying the flow of information from one node of a network to the other based on their degree evolution. Based on the limited data used to map a network for this study, it shows that even if there is more than one interaction observed among two given nodes, it doesn't necessarily signify information flow among them. However, the Facebook group provided a very effective platform for students to discuss and observe the topics related to the trends in green energy and green manufacturing. All the students involved in the group actively participated with an exception of few outliers observed in the network. There are several other network characteristics that can be explored, however to limit the scope of this study the analysis was based only on considering the node degrees of the network. Authors believe the use of Facebook groups as an informal medium in educational setting will prove effective as it provides students with a collaborative environment that engages its participants with constant updates and provides them with different perspectives of their peers towards a same problem. To further use this approach in better understanding and quantifying the flow of information among the students, the authors are currently looking to expand this work to be applied in large scale educational setting based networks. The future direction of the authors include understanding if a given students grade can be correlated with the frequency of interactions in the classroom, and trying to analyze if dissemination of knowledge and information to student network leaders in a given classroom setting will prove effective.
